We present a multi-wavelength study of three star forming regions, spanning the age range 1-14 Myr, located between the 30 Doradus complex and supernova SN1987A in the Large Magellanic Cloud (LMC). We reliably identify about 1000 pre-main sequence (PMS) star candidates actively undergoing mass accretion and estimate their stellar properties and mass accretion rate (Ṁ). Our measurements represent the largestṀ dataset of low-metallicity stars presented so far. As such, they offer a unique opportunity to study on a statistical basis the mass accretion process in the LMC and, more in general, the evolution of the mass accretion process around low-metallicity stars. We find that the typicalṀ of PMS stars in the LMC is higher than for galactic PMS stars of the same mass, independently of their age. Taking into account the caveats of isochronal age andṀ estimates, the difference inṀ between the LMC and our Galaxy appears to be about an order of magnitude. We review the main mechanisms of disk dispersal and find indications that typically higherṀ are to be expected in low-metallicity environments. However, many issues of this scenario need to be clarified by future observations and modeling. We also find that, in the mass range 1-2 M ⊙ , theṀ of PMS stars in the LMC increases with stellar mass asṀ ∝M b ⋆ with b ≈1, i.e. slower than the second power low found for galactic PMS stars in the same mass regime.
INTRODUCTION
The mass accretion rate (Ṁ) of young stars is a key parameter to constrain the models of both star and planet formation.Ṁ is an indicator of the presence of gas, and hence dust, in the inner circumstellar disk and, as such, it is affected by the disk structure and evolution as well as by the formation and migration of planets (see, e.g., Calvet et al. 2000) . Thus, it is of particular interest to determine the evolution ofṀ as a star approaches its main sequence, whetherṀ and stellar mass are correlated, and whether it is affected by the specific conditions of a given star formation event, such as the chemical composition and density of the parent molecular cloud, by the proximity of hot massive stars, etc. The measure ofṀ generally relies on the study of continuum veiling, UV excess emission or profile/intensity of emission lines (usually Hα, Paβ or Brγ), which requires medium to high resolution spectroscopy of individual young objects. As a result, the data collected so far are limited to nearby (d 1-2 kpc) star forming regions. These data indicate thatṀ is a decreasing function of stellar age (Muzerolle et al. 2000; Sicilia-Aguilar et al. 2005 Fedele et al. 2010) , in line with the expected evolution of viscous discs , and is roughly proportional to the second power of the stellar mass (Muzerolle et al. 2005; Natta et al. 2006; Sicilia-Aguilar et al. 2006) . However, the detection limits and the difficulty of measuring very smallṀ do not allow us to rule out detection/selection thresholds as responsible of this trend (see, e.g., . Moreover, the spread of theṀ data exceeds 2 dex at any given age. Several facets of the mass accretion process appear to contribute to this spread: i) at any age, disks in different evolutionary stages coexist in the same star forming region (see, e.g., Harvey et al. 2007 ; Alcalá et al. 2008; Merín et al. 2008) ; ii)Ṁ depends on the disk mass and, hence, on the mass of the forming star (White & Hillenbrand 2004; Alcalá et al. 2008 ; Kim et al. 2009 );
iii) the accretion process in young stars, and the accretion-related emission lines, are subject to variations on a timescale of a few hours to years or even decades (Herbst 1986; Hartigan et al. 1991; Nguyen et al. 2009 ). Another limitation of the galactic objects for whichṀ measurements are currently available is that they have essentially solar metallicity (e.g. Padgett 1996) , because they are located in nearby star forming regions.
In the past two decades, many authors have demonstrated the potential of deep Hubble Space Telescope (HST) optical imaging for star formation studies. Recently, De Marchi et al. (2010) (hereafter Paper I) presented a novel method to identify pre-main sequence (PMS) objects actively undergoing mass accretion and determine theirṀ. This method relies solely on HST imaging, which can be easily obtained for a large number of PMS stars at once and for distant star forming regions, well beyond a few kpc and with different metallicity, allowing us to overcome some of the limitations affecting techniques based on spectroscopy. This method has been already adapted to the Wide Field Camera (WFC) of the Isaac Newton Telescope (INT) and is being used within the frame of INT Photometric H-Alpha Survey (IPHAS), a 1800 deg 2 survey of the Northern Galactic Plane aiming at reliably select classical T Tauri stars and constrain their mass accretion rates (Barentsen et al. 2011) . We have now started a pilot project aiming at applying this technique to the existing and extensive HST photometry of star-forming regions in the Milky Way (MW) and the MCs. In this paper we present the results of this study in the Large Magellanic Cloud (LMC).
Because of it relative proximity (51.4±1.2 kpc; Panagia 1991; Panagia et al. 1991 ) and low-metal content (Z=0.007; Maeder et al. 1999 , and references therein), the LMC is a very interesting testcase for star formation studies and, specifically, for mass accretion studies, because it offers a unique opportunity to study a resolved accreting stellar population in an environment with a chemical composition different from the MW (Z≈0.018; see Esteban & Peimbert 1995) .
Investigating theṀ vs. metallicity dependency is of special interest for several reasons:
(i) The time-scale of the mass accretion process is strongly connected with the disk lifetime, which has been poorly studied in low-metallicity environments (see, e.g., Yasui et al. 2009 ). Thus, studying theṀ evolution might help clarifying how different disk dispersal mechanisms act at lower-metallicity.
(ii) Low-metallicity disks can be used as a benchmark for evolved solar-metallicity disks, where dust grains may have suffered strong coagulation (see , and discussion at the Ringberg Accretion Workshop 2011 1 ). (iii) The evolution ofṀ is affected by possible planet formation in the disk and, hence, it might provide new important clues on on the so called "planet-metallicity correlation". The probability of a star hosting a planet appears to increase with stellar metallicity (Gonzalez 1997; Fischer & Valenti 2005; Santos et al. 2003) . However, a few planets have been found around metal-poor stars (see, e.g. Santos et al. 2007; Setiawan et al. 2003 Setiawan et al. , 2010 and the frequency of planets around metal-poor stars compared to solarmetallicity stars is still uncertain. Thus, the "planet-metallicity correlation" could be a simple selection effect. Indeed, surveys for extra-solar planets are mainly based on the radial velocity (RV) method (Mayor & Queloz 1995; Marcy & Butler 1998 , and references therein) and RV variations are much harder to detect in stel-1 http://accretion2011.mpe.mpg.de/index.php lar spectra presenting few metallic lines. As a consequence, only a few planets have been found around very metal poor stars and, because of this indication, metal-poor stars are systematically excluded from RV surveys. This paper is organized as follows: Sect. 2 describes the selection of the LMC fields among those available in the HST archive and the data reduction. In Sect. 3 we apply the method described in Paper I to select PMS objects and calculate theirṀ. The results are presented in Sect. 4 -8, where in particular we discuss the mass dependency ofṀ, its evolution and metallicity dependency in relation with disk dispersal mechanisms such as planet formation and disk photo-evaporation. The conclusions of this work are given in Sect. 9.
DATA SAMPLE
We selected three 162"×162" areas in the LMC located between the 30 Doradus star forming complex and supernova SN1987A (Figure 1) . All fields were selected from the HST Archival Pure Parallel Project 2 ; the proposal ID and Principal Investigator (PI) for each dataset are reported in Table 1 . The observations were performed from February 1999 to November 2003 with the Wide Field Planetary Camera 2 (WFPC2) of the HST using the F606W (V), F656N (Hα) and F814W (I) filters. The three fields were selected following two basic criteria: i) exposure time long enough to allow the detection of objects down to 0.8-1 M ⊙ at the distance of LMC in the three filters; ii) different environmental conditions, such as vicinity to OB stars and amount of interstellar gas and dust, in order to study the behavior ofṀ in star-forming regions with different properties.
The basic data set used for this paper was retrieved from the HST archive at the Canadian Astronomy Data Centre (CADC). The sources identification and photometry was performed on the stacked images using the SExtractor 2.5 tool by Bertin & Arnouts (1996) . SExtractor exploits the aperture photometry technique, which is the fastest and best approach for not-crowded fields as those considered here, and the background is locally estimated in an annulus surrounding the star. Following the prescriptions of the HST Data Handbook for the WFPC2 (Baggett et al. 2002) , we adopted a 0.5 arcsec aperture radius for magnitude extraction and then calibrated the instrumental magnitudes to the VEGA-MAG photometric system using the zeropoints listed in Table 5 .1 of the handbook. The SExtractor morphological parameter "extraction flag" (FLAGS) was used to clean the catalogs from spurious detections, such as saturated or truncated sources too close to the image boundaries, etc. Table 1 summarizes, for each of the three fields, the total exposure time, the saturation limit and the limiting magnitude achieved at the 10σ level in each filter. The exposure times are not uniform across our dataset, producing different saturation limits and limiting magnitudes for each filter/region. Considering the distance to the LMC (∼50 kpc) and the typical age of our regions (Table 4 ) and using the evolutionary models for PMS stars by Tognelli et al. (2011) for the metallicity of the LMC (Z=0.007; Maeder et al. 1999 , and references therein), we concluded that our observations are complete above 1 M ⊙ for the three regions in all the filters. Thus, in Sect. 5-6 we will limit our analysis to the mass range 1-2 M ⊙ .
In addition to the above fields, we have used WFPC2 photometry of a field around supernova SN1987A studied by Romaniello (1998), Panagia et al. (2000) and Romaniello et al. (2002) s and cover a field of 9.16 square arcmin. The mass accretion rate for the PMS stars in this field were already derived in Paper I.
SELECTION OF PMS STARS
We select PMS stars in each field and determine their mass accretion rates using narrow-band Hα (f656n) and broad-band V (f606w) and I (f814w) dereddend photometry. In the following sections we describe the main steps of our selection procedure. For a more detailed description of this method we refer the reader to Paper I.
Reddening
From a visual inspection of the images, we find evidence of patchy nebulosity in our fields and we therefore can expect a certain amount of differential reddening.
To test this hypothesis, we divided each field in 22 regions, each 32"×32" in size, and obtain the V vs. V-I colour-magnitude diagram (CMD) for each sub-image. We used the zero age main sequence (ZAMS) by Marigo et al. (2008) for the metallicity of the LMC as the reference unreddened CMD (Figure 2 ). The ZAMS was shifted to the distance of the LMC and reddened by the amount corresponding to the intervening absorption along the line of sight due to the Milky Way, which Fitzpatrick & Savage (1984) quantified in A V =0.22, in turn corresponding to E(V ? I) = 0.1.
Within each sub-image we derived for all stars a single value the reddening relative to the ZAMS in the following way. For each star with 18<V<24 and 0<V-I<1.3, we calculated the distance from the ZAMS along the reddening vector, defined by the extinction Table 1 . HST proposal ID, PI name, total exposure time, saturation limit and limiting magnitude at 10σ level for the three HST-WFPC2 pointings used in this paper.
law as measured specifically in the LMC by Scuderi et al. (1996) . Each one of these distances is the resultant of two components, namely E(V-I) along the abscissa and A V along the ordinates. We then looked at the distribution of A V values inside each cell and took the 17th percentile as a conservative lower limit to the value of A V for the whole cell (see example in Figure 3 ). If the reddening distribution were Gaussian, this would correspond to 1σ. The purpose of this approach is to minimize the number of stars that after the correction become bluer than the ZAMS and to keep them to a fraction compatible with our photometric uncertainties. This choice ensures that we are not overestimating the reddening correction for the majority of the stars in the field. It also avoids an improper overestimation of the ages due to an excessive reddening correction (see reddening lines in Figure2) . The relative A V values of the sub-images span a range of 0.4 mag in our field #1, 0.6 mag in our field #2 and 1.2 mag in our field #3. Thus, differential reddening is more significant in field #3, which is indeed the closest one to the 30 Doradus star-burst cluster and is still associated with conspicuous gaseous/dusty nebulosity ( Figure 9) .
We correct the magnitudes of each source in each filter assuming the A V estimated for the relative sub-image and the extinction law by Scuderi et al. (1996) . This statistical method, though providing only a rough estimate of the visual extinction toward the given source, is suitable for our purposes. Indeed, in Paper I we have demonstrated that for an average LMC star-forming region omitting the extinction correction would result in a 10% overestimate of the mass accretion rate. This error, albeit systematic, is smaller than most other systematic uncertainties and comparable to the measurement errors.
Selection of stars with Hα excess emission
We select PMS stars on the basis of their Hα emission line (White & Basri 2003) . The traditional approach to search for Hα emitters is based on the use of the R-band magnitude as an indicator of the level of the photospheric continuum near the Hα line, so that stars with strong Hα emission will have a large R − Hα color. Since we do not dispose of R-band photometry for our fields, we use measurements in the neighboring V and I bands, following the approach described in Paper I. Figure 4 (top panel) shows, as an example, the V − Hα vs. V − I color-color diagram for our field #1. We use the median V − Hα dereddened color of stars with small photometric errors in the V, I and Hα bands (δ 3 = (∆V 2 + ∆I 2 + ∆Hα 2 )/3 < 0.15) as a function of V − I to define the reference template with respect to which the excess Hα emission is sought (line in Figure 4 ). Since the contribution of the Hα line to the V magnitude is completely negligible, the magnitude ∆Hα corresponding to the excess emission is simply:
where the superscript "obs" refers to the observations and "ref" to the reference template. We select a first sample of stars with excess Hα emission by considering all those with δ 3 <0.15 and V-Hα color above the reference template by 5 times their intrinsic photometric uncertainty (∆Hα > 5 × √ ∆V 2 + ∆Hα 2 ). Note that this threshold is somehow arbitrary; it affects the total number of selected PMS star candidates but not the typicalṀ of the selected PMS population, on which the conclusion of this paper are based (Sect. 6).
Then, we derive the equivalent width of the Hα emission line (EW Hα ) from the measured ∆Hα as:
where RW is the rectangular width of the filter, which depends on the characteristics of the filter (see Table 4 in Paper I). We also derive the effective temperature (T e f f ), radius (R ⋆ ) and luminosity (L ⋆ ) from the dereddened V − I color and V magnitude. We adopt the distance of 51.4 kpc to the LMC (Panagia 1991; Panagia et al. 1991) and use the tabulation of HST/WFPC2 colors as a function of T e f f by Bessel et al. (1998) . Following the prescription of White & Basri (2003) and adopting the effective temperature vs. spectral type scale by Kenyon & Hartmann (1995) , we finally consider as probable PMS stars those objects with (Figure 4 , lower panel) EW Hα 3 Å for stars earlier than K5 (i.e., T e f f 4350 K), EW Hα 10 Å for K5-M3 stars (3400 T e f f <4350 K) and EW Hα 20 Å for M3-M6 stars (3000 T e f f <3400 K). Our photometric limits are such that we do not detect LMC members later than M6 in any of the fields (see Sect. 2). We also reject stars with V − I 0. These two criteria allow us to clean our sample from possible contaminants, i.e. older stars with chromospheric activity and Ae/Be stars, respectively.
Note that dKe and dMe stars with enhanced coronal emission have EW Hα well below 20 Å even during flares (Worden & Peterson 1976; Bopp & Schmitz 1978) . Thus, the criterion by White & Basri (2003) allows us to safely remove dMe stars, while some the dKe might still be included in the PMS sample. We could use a more conservative threshold of EW Hα =20 Å for both K and M type stars, as was done in Paper II. However, while avoiding contamination from magnetically active field stars, this threshold might cause the rejection of some of the weaker K0-K7 type accretors (Ṁ 10 −9 M ⊙ /yr; White & Basri 2003) and, hence, an overestimation of the typical accretion rates of our PMS populations, in particular at ages older than ∼10 Myr. Thus, for K type stars we choose to adopt the more relaxed criterion of White & Basri (2003) .
We identified 490 objects in our field #1, 325 in our field #2 and 242 in our field #3 with Hα emission typical of accreting PMS stars. These numbers are of the same order of magnitude as the number of low-mass stars expected in each region on the basis of the number of OB stars (Sect. 8.4.2) and a typical IMF (α=2.35; Salpeter 1955), meaning that we are detecting a large fraction of accretors in those regions. This point is very important for the conclusions of this paper. As we will see in Sect. 6, the typical mass accretion rates in the LMC are higher than in the MW; because our samples are representative of the entire PMS population in the studied regions, we can be confident that this is not a selection effect.
Determination of mass and age
The mass (M ⋆ ) and age of each star are derived by comparing its L ⋆ and T e f f with PMS evolutionary models. Specifically, we used the Pisa database of PMS tracks and isochrones (Tognelli et al. 2011 ) for metallicity Z=0.007, as appropriate for the LMC, and followed the interpolation procedure developed by Romaniello (1998) , which does not make assumptions on the properties of the population, such as the functional form of the IMF. On the basis of the measurement errors, this procedure provides the probability distribution for each individual star to have a given value of the mass and age (the method is conceptually identical to the one presented recently by Da Rio et al. (2010)).
Many caveats should be considered when dealing with masses and ages of PMS stars derived from evolutionary models. We will discuss them in detail in Sec. 7, because the uncertainty on these parameters, in particular on the isochronal age, could have a strong and unavoidable impact on our results. Here we stress that, although isochronal ages of individual objects are uncertain, given the presence of unresolved binaries and the stellar variability, ages of statistical samples are, in principle, reliable and the global age differences between regions are real (see, e.g., Mayne et al. 2007 ). This statistical approach is the one we use for the analysis illustrated in the next sections. Moreover, there are several arguments supporting the reliability of our age estimates: (i) the median age estimated for our field #1 (13 Myr, Table 4), the closest one to supernova SN1987A, is roughly consistent with the age independently estimated for the progenitor of SN1987A and nearby stars (∼13 Myr; Scuderi et al. 1996) ;
(ii) Figure 5 shows the HR diagram for the PMS populations of the four LMC regions under analysis. There is a clear difference between the distribution of PMS stars belonging to the youngest (#3, 6-8 Myr) and the oldest (SN1987A, 13 Myr) of our regions, with region #3 being clearly a few Myr younger than the SN1987A region. The age of regions #1 and #2 is intermediate between region #3 and the SN1987A region and their PMS population concentrate between 4 and 14 Myr, where the isochrones become very close to each other and it is hard to derive an age difference based only on the visual inspection of the HR diagram. However, as reported in Table 4 , the median isochronal ages of region #1 and #2 differ by a few Myr and with respect to region #3 and the SN1987A region as well, and the difference is statistically significant.
(iii) Elmegreen (2000) showed that the age dispersion of a given stellar population depends on the size of the region. Taking into account the typical size of our region (162"×162", i.e. about 100 pc at the LMC distance), we would expect an age dispersion of a few to 10 Myr inside each region, which is consistent with our findings (Table 4) .
Determination of the mass accretion rate
The mass accretion rate is derived from the free-fall equation as:
where L acc is the energy released by the accretion process, directly proportional to the Hα luminosity (Dahm 2008 , and Paper I):
Once the color excess ∆Hα is determined, the Hα emission line luminosity, L(Hα), can be immediately obtained from the photometric zero point and absolute sensitivity of the instrumental set-up and from the distance to the sources (see Sect. 3.1 in Paper I).
The problems involved in measuringṀ have been recently discussed by several authors (e.g., Herczeg & Hillenbrand 2008; Tognelli et al. (2011) for the metallicity of the LMC. All objects shown here have Hα excess emission and Hα equivalent width above the levels discussed in Sect. 3.2. Barentsen et al. 2011; Rigliaco et al. 2011 ) and measurements using different diagnostics might give different results by about an order of magnitude. The uncertainties of the Hα diagnostics and the specific method adopted in this work have been fully addressed in Paper I. The typical error on logṀ is of the order of 0.7-0.8 dex (see Table 3 ) and the main sources of this uncertainty are:
The uncertainty on the L acc vs. L(Hα) calibration relation (Equation 4), which is based on near-infrared spectra of a dozen accreting members of the IC 348 cluster (see Figure 17 by Dahm 2008) . Due to the poor statistics, the resulting uncertainty on L acc is as high as a factor of 3. Moreover, the relation is mainly calibrated using stars with mass below 1 M ⊙ and a handful of stars around 2 M ⊙ , while a gap in accreting stars is observed extending between 0.8 and 1.8 M ⊙ . Thus, this relation is more uncertain when applied to the mass regime considered in this paper (1-2 M ⊙ );
(ii) Systematic uncertainties due to i) discrepancies in the isochrones and evolutionary tracks, ii) reddening, iii) Hα emission not due to the accretion process, and iv) the contribution of the nebular continuum to the colors of the stars. In Paper I we discussed in detail these four contributions and concluded that: i) systematic uncertainties of the order of 20% are to be expected for the mass due to differences between evolutionary models; ii) for an average LMC star-forming region, omitting the extinction correction would result in a 10% overestimate ofṀ. This error is smaller in our case, because our photometric catalogs are dereddened taking into account the effect of patchy absorption (Sect. 3.1); iii) possible sources of Hα emission other than accretion are chromospheric activity, whose contribution is 2 orders of magnitude less than what we measure, Hα emission along the line of sight arising in knots of ionized H (e.g., very compact HII), which we removed by a vi-sual inspection of all objects with excess Hα emission, and gaseous regions around the object ionized by an external source (e.g., hot ionizing stars), which, according to the calculation presented in Paper I (Table 1) , is negligible in our case because there are no OB stars in the close vicinity (<5") of our PMS star candidates (see Sect. 8.4.2). We can, therefore, conclude that in our fields the contribution of Hα emission generated by sources other than the accretion is negligible; iv) if present, nebular continuum will add to the intrinsic continuum of the star, thereby affecting the observed broad-bands colors of the source. As shown in Paper I (Table 2) , for the typical spectral range of our candidates (G-K), the effects of the nebular continuum on the V − I color of PMS stars remains insignificant even for the PMS objects with the highest EW Hα ; (iii) Other possible systematic errors on the mass and age estimates due to inaccuracies in the models' input physics, which we will discussed in Sect. 7;
(iv) As for the statistical uncertainty on other quantities in Equation 4 and 3, they are as follows. With our selection criteria, the typical uncertainty on L(Hα) is 15% and is dominated by random errors. The uncertainty on R ⋆ is typically 7%, including a 5% systematic uncertainty on the distance modulus. As for the mass M ⋆ , since it is determined by comparing the location of the star in the HR diagram with evolutionary tracks, both systematic and statistical uncertainties are important. The uncertainty on the temperature is mostly statistical and is about 3%, while that on the luminosity is 7%, comprising both random errors (1% uncertainty on the bolometric correction and 3% on the photometry) and systematic effects (5% uncertainty on the distance modulus). When we interpolate through the PMS evolutionary tracks to estimate the mass, the uncertainties on T e f f and L ⋆ imply an error of 7% on M ⋆ . In summary, the combined statistical uncertainty onṀ is 17%.
THE NEW SAMPLE OF ACCRETING PMS STAR CANDIDATES IN THE LMC
We have determined the mass accretion rates for 490 PMS star candidates in our field #1, 325 in our field #2 and 242 in our field #3. Adding the 106 PMS stars in the field around supernova SN1987A characterized in Paper I, we end up with a sample of about 1000 PMS star candidates in the LMC with mass between 1 and 5 M ⊙ and age between ∼1 and 30 Myr. Our sample represents the largestṀ dataset for low-metallicity stars presented so far. The majority of our PMS stars (∼90%) have masses below 2 M ⊙ , i.e. in the T Tauri star range. The remaining ∼10% are Herbig Ae/Be stars; at the typical age of our regions (Table 4) , many of them could already approach or be on the main sequence. Moreover, they cannot be considered simply as massive counterparts of T Tauri stars because they are characterized by different properties (strong winds, small magnetic fields, etc.; Herbig 1960; Waters & Waelkens 1998) . Thus, the Hα vs.Ṁ calibration used for T Tauri stars (Equation 4) might be inappropriate for Herbig Ae/Be stars and, hence, theṀ derived for these objects might be inaccurate. This does not affect the results presented in this paper because, as explained in Sect. 2, we limit our analysis to the range 1-2 M ⊙ . HST/WFPC2 photometry, stellar parameters and mass accretion rates for this sample are available, only in electronic form, in Table 2 and 3, respectively. In Table 4 we summarize the number of PMS stars selected in each field and their median mass, age and mass accretion rate. Using this large sample of PMS stars withṀ measured in a homogeneous way, we now investigate the dependency ofṀ on stellar mass, age and metallicity, in relation with the proposed mechanisms of disk dispersal.
On the completeness of our accreting PMS star sample
In Sect. 2 we estimated that our observations for field #1, #2 and #3 are photometrically complete in all the filters in the mass range 1-2 M ⊙ for 1 to 14 Myr old objects at the distance of the LMC and, hence, in this section we limit our analysis to this mass range. However, the mass accretion rate of PMS stars depends on the stellar mass (Muzerolle et al. 2005; Natta et al. 2006; Sicilia-Aguilar et al. 2006 ) and decreases with time (Muzerolle et al. 2000; Sicilia-Aguilar et al. 2005 Fedele et al. 2010 ). Thus, our limit for the measurement oḟ M varies within the considered mass and age range. Figure 6 shows theṀ of PMS star candidates in our sample as a function of mass (upper panel) and age (lower panel). In each panel, the dashed line displays our photometric limit for the detection of excess H α emission and, hence, for the measurement ofṀ. In order to translate the detection limit in H α luminosity into the detection limit inṀ as a function of stellar mass, we considered the lowest H α luminosity measured for our PMS stars and used Equ. 3 and 4. We assumed the median age of all PMS star candidates in our sample (10 Myrs) and calculated the corresponding stellar radii for different stellar masses using the 10 Myr isochrone for the metallicity of the LMC. Analogously, we translated the detection limit in H α luminosity into the detection limit inṀ as a function of stellar age by using Equ. 3 and 4 and assuming the lowest H α luminosity measured for our PMS star candidates and their median mass (1.4 M ⊙ ); we then calculated the corresponding stellar radii from the 1.4 M ⊙ evolutionary track for the metallicity of the LMC. Figure 6 and the limiting magnitudes in Table 1 show that our photometric limits allow us to detect only the brightest and, hence, youngest accreting late K-type stars at the distance of the LMC, while they are sufficient to detect early K or G-type accreting stars (M ⋆ 1.3M ⊙ ) of any age up to the main sequence. In particular, the lower panel of Figure 6 shows that our PMS star candidates define a bulge of points at ages around 10 Myrs and this bulge is very close to the photometric limit; this implies that we might have missed part of the PMS objects with very low accretion rates at ages around 10 Myr. At younger ages, the mass accretion process of PMS stars is enhanced and the H α luminosity increases; if more accreting PMS stars younger than 10 Myr were present, we would have them. In summary, our accreting PMS star candidate sample in the LMC is complete in the spanned age range for M ⋆ 1.3M ⊙ , while we might have missed part of the oldest lower-mass accreting stars.
We now quantify this incompleteness effect by using the dataset presented in Paper I as a reference. Indeed, one of the main objectives of this work is to compare the accreting properties of PMS stars in our LMC fields with the pioneer study presented in Paper I, where we found that theṀ of PMS stars in the region around supernova SN1987A are systematically higher than their Galactic counterparts (Sect. 6). To make sure that this comparison is performed in a homogeneous way, we derived a correction to be applied to the typicalṀ measured in our LMC fields to match the completeness of the Paper I dataset. We proceeded as follows.
Since the photometric catalog for the SN1987A region (Paper I) is much deeper than our catalogs, it can be considered as a reference catalog with 100% completeness for the measurement oḟ M in the considered mass range (1-2 M ⊙ ). We considered the Hα luminosity (L(Hα)) distribution of PMS stars in the field around Table 3 . Stellar parameters, Hα equivalent width and accretion rate of the PMS star candidates in the LMC. SN1987A and derived its peak by performing a Gaussian fit (Figure 7 ). This peak (L(Hα) Re f ) represents the limit of this dataset for the detection of Hα excess emission and, hence, for the measure oḟ M.
In Figure 7 we compare the L(Hα) distribution of the SN1987A PMS population with the analogous distributions for our region #1. This region is very close to SN1987A, has the same age (Table 4 ) and is part of the same star-forming complex. Thus, he difference between the peak of this distribution and L(Hα) Re f represent the L(Hα) correction to be applied to field #1 to match the completeness of the SN1987A dataset. The L(Hα) correction has been translated intoṀ correction by using Equ. 3 and 4, assuming the median mass and age of the PMS population in region # as reported in Table 4 and using the relative evolutionary model for the metallicity of the LMC to calculate the corresponding stellar radius.
The Hα observations of fields #2 and #3 have roughly the same photometric depth as field #1 (Table 1 ) and, hence, we assume the sameṀ correction. The medianṀ of the PMS star candidates selected in each field corrected for completeness are reported in Table 4 .
ON THE MASS DEPENDENCY OF THE MASS ACCRETION RATE IN THE LMC
The mass accretion rate of galactic PMS stars appears to be roughly proportional to the second power of the stellar mass over a wide range ( 0.8M ⊙ domain is considered (Fang et al. 2009; Sicilia-Aguilar et al. 2010) . This seems to support the idea that the accretion and disk evolution process might present important differences for low and high-mass stars .
The large spread observed in theṀ vs. M ⋆ dependency partly arises from the uncertainty in the determination ofṀ, which can be as high as one order of magnitude. However, this relation still contains an intrinsic scatter due to the age dependency ofṀ, individual disk properties and the variability of the mass accretion process, as discussed in Sect. 1. Indeed, mass accretion rates for younger stars tend to be higher, as expected from the viscous disk evolutionary models . TheṀ versus age dependency appears to be very steep, withṀ decreasing by more than three order of magnitude within the first 10 Myr of the stellar life (see Figure 2 by Sicilia-Aguilar et al. 2010 ). This effect is likely to increase the spread inṀ for any interval of M ⋆ , because the PMS populations in young clusters and star forming regions in the MW generally present an age spread of a few Myr (Jeffries 2011) , and objects progressively younger are expected to form parallel trends in theṀ vs. M ⋆ relation with increasing offset inṀ (see, e.g., Sicilia-Aguilar et al. 2006 .
We now use our sample of PMS stars to investigate theṀ versus M ⋆ correlation in the LMC. Although our sample spans a wide range of stellar masses (see Table 4 ), 90% of the PMS stars have masses between 1 and 2 M ⊙ and, thus, we limit our analysis to this range, in order to obtain statistically robust results. We find that best fit to theṀ versus M ⋆ dependency in the LMC is a linear correlation ( Figure 6, upper panel) . In order to investigate quantitatively this dependency, disentangling the dependency on age, we performed a double linear regression fit, setting M ⋆ and age as independent variables andṀ as dependent variable. In a logarithmic scale, the functional form of this regression is as follows:
where c is the offset and b and a the coefficients enclosing the mass and age dependency, respectively. In this section, we focus our attention of the mass dependency ofṀ enclosed in the b parameter. The age dependency and the relative a parameter will be discussed in the Sect. 6.
Considering all the PMS stars in the range 1-2 M ⊙ , we find that theṀ of PMS stars in the LMC increases almost linearly with stellar mass (b = 0.82 ± 0.16, i.e.Ṁ ∝M ⋆ ). The solid line in Figure 6 (upper panel) displays the results of our linear regression fit; the dashed line displays our photometric limit for the detection of excess H α emission and, hence, for the measurement ofṀ (Sect. 4.1). Figure 6 . Mass accretion rate as a function of the stellar mass (upper panel) and age (lower panel) for PMS star candidates in the LMC with masses in the range 1-2 M ⊙ . In both panels, the solid line displays the result of the double linear regression fit to the points obtained by setting M ⋆ and age as independent variables andṀ as dependent variable, while the dashed line represents our photometric limit for the measurement ofṀ (Sect. 5 and 6). The gray dots are the data points in the M ⋆ 1.3M ⊙ mass range, where our PMS star candidate sample is photometrically complete. The dot-dashed line displays the result of the double linear regression fit of this sub-set of data.
In order to avoid the mass regime where our survey is not complete, we recomputed the coefficients in Equ. 5 limiting the regression fit to the M ⋆ 1.3M ⊙ range (grey points and dot-dashed line in Figure 6) . In this case, we obtain b = 1.02 ± 0.31, confirming that thė M vs. M ⋆ dependency is roughly linear.
We conclude that in the approximate range 1-2 M ⊙ , theṀ of PMS stars in the LMC increases with the stellar mass asṀ ∝M 
6Ṁ EVOLUTION AND METALLICITY DEPENDENCY
The data collected so far for galactic PMS stars indicate thaṫ M is a decreasing function of stellar age (Muzerolle et al. 2000; Sicilia-Aguilar et al. 2005 Fedele et al. 2010) , roughly in line with the expected evolution of viscous discs , although the spread of the data is very large (Sect. 1). More precisely, Fedele et al. (2010) estimated a mass accretion timescale (τ acc ) of 2.3 Myr for galactic PMS stars in the spectral type range K0-M5. Moreover, in the pioneering study of the mass accretion process in the MCc presented in Paper I and Paper II, we found that, in the field around supernova SN1987A in the LMC and in NGC 346 in the Small Magellanic Cloud (SMC), theṀ of PMS stars are systematically higher than their galactic counterparts.
Because of the very large uncertainties affecting age andṀ determinations, one must be very careful when doing such a comparison for individual young stars. In particular, isochronal age estimates for PMS stars in the MCs are more uncertain than ages of galactic PMS stars, that can be confirmed by other methods (turnoff of the main sequence, dynamical evolution of the gas, etc.), and star forming regions in the MW are usually smaller and, hence, present smaller age dispersion (Elmegreen 2000) . However, age differences based on statistical samples are more reliable.
In this section, we investigate theṀ evolution in the MCs compared to the MW and verify the result by (De Marchi et al. 2010 , 2011a . We dispose of an enlarged sample of PMS stars in the LMC withṀ measured in a homogeneous way and, hence, we adopt a robust statistical approach which is expected to reduce as much as possible the effect of uncertainties on age/Ṁ. However, there are unavoidable caveats that might affect our results and we will discuss them in detail in Sect. 7. Figure 6 (lower panel) gives a first hint on the time evolution ofṀ in the LMC, which, as expected, decreases with age. In order to investigate quantitatively theṀ in the LMC we used at first the linear regression fit already describe in Sect. 5 (Equation 5) and shown by the solid line in Figure 6 (lower panel). We obtain a ≈1/3, both when considering all the mass range 1-2 M ⊙ and when limiting the fit to the M ⋆ 1.3M ⊙ regime to avoid incompleteness effects. This would imply that theṀ of PMS stars in the LMC decreases with age significantly more slowly than observed for Galactic PMS stars of the same mass (a ≈1.2; Sicilia-Aguilar et al. 2010), where theṀ evolution is marginally consistent, though still slower, than the prediction of the viscous disk evolution model (a=1.4-2.8; Hartmann et al. 1998 ). This comparison is based on age/Ṁ estimates for single stars and there are at least two main problems affecting its outcome: (i) In Sect. 3.3 we have already pointed out that isochronal ages of individual objects are uncertain, especially below a few Myr, and only ages and age differences of statistical samples should be trusted.
(ii) Sicilia-Aguilar et al. (2010) already pointed out that the difference between the observedṀ evolution and prediction of the viscous disk model might be attributable to the fact that solar-type objects present a variety in the viscosity parameter radial exponent (Isella et al. 2009 ) and long-surviving disks may be biased toward certain radial viscosity laws.
A more robust approach to study the evolution ofṀ in the MCs in comparison to our MW consists of deriving the median age andṀ of a sample of star forming regions in both galaxies spanning a suitable age range. We have collected from the literature 17 Galactic star-forming regions and clusters with ages between 1 and 30 Myr whose stellar population is well characterized in terms ofṀ. We considered only Galactic PMS stars with mass in the range 1-2 M ⊙ , i.e. the range we are studying in the LMC. This sample consists of ∼170 objects; their typical age and medianṀ, together with the number statistics per age bin and the reference papers, are reported in Table 5 .
In Figure 8 we plot the medianṀ as a function of the median age for each one of these 18 Galactic PMS populations, for the LMC populations studied in this paper and for NGC 346 in the SMC (De Marchi et al. 2011a, hereafter Paper II). Note that NGC 346 displays two different stellar populations with median ages of ∼1 (NGC 346-young) and ∼20 Myr (NGC 346-old), respectively, and our field #3 in the LMC also presents two spatially separated PMS populations (#3-Pop. 1 and #3-Pop. 2) with slightly different median ages (6 and 7 Myr, see Sect. 8.4). Thus, we dispose of 7 regions in the MCs with ages between 1 and 20 Myr (Table 4). The errors bars in Figure 8 for the MCs points are computed as the typical standard deviation of theṀ and age distribution of each population plus the intrinsic uncertainty on these parameters. For the Galactic regions we adopt the typical error onṀ and age estimated by Sicilia-Aguilar et al. (2006) .
The analysis of Figure 8 reveals that below 3 Myr the only information we have at the moment in the MCs comes from NGC 346 in the SMC. Moreover, in this age range the number statistics of Galactic PMS stars with mass between 1 and 2 M ⊙ and measureḋ M is very poor (i.e. only ∼10% of the Galactic sample). As discussed in Sect. 7, below 3 Myr age determination becomes critical. Thus, we focus on the age range >3 Myrs and defer the analysis of the very young regime (1-2 Myr) to a future paper based on improved number statistic of 1-3 Myr old PMS stars in the core of the 30 Doradus starburst cluster (De Marchi et al. 2011b) .
After the first 3 Myr, despite the large uncertainties, the averageṀ of PMS stars in the MCs is systematically higher than that of Galactic PMS stars of the the same age, confirming the results by Paper I. Note that the pentagrams in Figure 8 display the medianṀ for the two PMS populations in the Orion Nebular Cluster (ONC-young and ONC-old, see Table 5 ) and the diamond corresponds to Trumpler 37 (Tr 37), for which mass accretion rates are photometrically derived by Panagia et al. (2011, in preparation) and Barentsen et al. (2011) , respectively, using the same method adopted in this paper. These three points follow very well the Galactic trend. In particular, the medianṀ measured by Barentsen et al. (2011) for the PMS population in Tr 37 perfectly agrees with the medianṀ measured by Sicilia-Aguilar et al. (2006, 2010) for the same population on the basis of U-band excess emission and high resolution spectroscopy, which provides accurate spectral type and reddening estimate. This demonstrates that the difference in the typicalṀ between the MCs and the MW is not due to systematic uncertainties of the photometric method we use to measureṀ.
If we perform a linear fit to these averaged data for ages above 3 Myrs, we find that in the MCsṀ decreases with time asṀ ∝ t −a with a = 1.5 ± 0.2, confirming the average trend in the MW (a = 2.6 ± 1.0) and in agreement with the prediction of viscous disk evolution models (a=1.4-2.8; Hartmann et al. 1998) .
Being the metallicity of the MCs considerably lower than the MW, Figure 8 suggests a tantalizing metallicity dependency of the mass accretion process, specifically thatṀ appears to be inversely proportional to stellar metallicity. Under this hypothesis, we should observe some difference inṀ even between the two MCs, because their metal content is different (Z=0.007 for LMC and Z=0.002 for SMC; Maeder et al. 1999 ) and the difference is comparable with the difference between the LMC and the MW (Z≈0.018). We do not observe such a difference when considering the meanṀ values, as we did in our Figure 8 . However, Paper II (focused on the the SMC cluster NGC 346 and based on individual age andṀ measurements) indicates that there is a difference between the two MCs andṀ in the SMC seems to be slightly higher than in the LMC. This would fit the idea ofṀ being inversely proportional to the metallicity.
These results suggest that the mass accretion process in the MCs might be different from the typical mechanism observed in Galactic PMS stars in two main aspects, which are discussed in the following sub-sections. In Sect. 7 we will further discuss these Figure 8 we indicate with an arrow the possible age range spanned by ρ-Oph members.
‡ For the ONC-old population we report the minimum age estimated by Panagia et al. (2011, in preparation) .
results considering the many caveats of current PMS evolutionary models, which might affect age estimates both in the MCs and in our MW and hence, our results. We will also review the main mechanisms of disk dispersal (Sect. 8) in order to understand whether the lower metallicity of the MCs with respect to the MW plays in favor of a typically higherṀ.
Disk lifetime
For PMS stars in the MW most signs of accretion disappear after ∼10 Myr. This, together with the observation that the fraction of stars with near-IR excess, which originate from the hot dust in the inner disk, decreases at a constant rate (Haisch et al. 2001; Sicilia-Aguilar et al. 2006) , yields an overall disk lifetime of about 5-6 Myrs. However, a few cases of strong accretors at older ages have been reported in the literature. Sicilia-Aguilar et al. (2005) notice the presence of several Galactic G-type stars, with an apparent age older than ∼10 Myr, showing higher accretion rates outside the typical trend of Galactic PMS stars (see their Figure 12 ). However, they warn that their age estimates might be significantly affected by the uncertainties in the birth line for G-type stars (see Sect. 7). More recently, Baume et al. (2011) also found a handful of stars with Hα emission typical of accretors in the 20-30 Myr old cluster NGC 6167. Moreover, among the 17 Galactic regions considered in Figure 8 there is a clear outlyer, represented as an upside-down triangle: the 16 Myr old Lower Centaurus Crux (LCC)/ Upper Centaurus Lupus (UCL) region, where the typicalṀ is higher than expected for its age and is fairly consistent with (though still lower than) that measured for the 20 Myr old population of NGC 346 in the SMC. Pinzón et al. (2007) presented a comparative study of the average mass accretion rates in Galactic young clusters and associations with ages between 10 and 30 Myr based on photometric excesses in the U band; they already noticed that an important fraction (∼25%) of stars in LCC/UCL presents a relative strong accretion. According to these authors, the peculiar case of LCC/UCL might indicate that gas reservoirs in disks can exceptionally exist much longer than 10 Myrs, allowing the formation of giant planets up to the age of ∼16 Myr (see also Moór et al. 2011 ). However, no strong correlation was found between U-band excess emission and Hα-excess emission for the stars in the LCC/UCL and some doubts arouse about the nature of the U-band excess (R. de la Reza, private communication).
For the sake of clarity, we also point out that the study by Pinzón et al. (2007) finds 8 accretors in Tuc-Hor and 5 in β-Pic in the mass range 1-2 M ⊙ , while previous studies of the PMS population of these associations (Jayawardhana et al. 2006 ) find only 2 accretors in β-Pic and none in Tuc-Hor. The authors do not discuss this discrepancy.
In the MCs, we measure an averageṀ of 5·10 −8 M ⊙ /yr for 10-12 Myr old stars, indicating that disks in the MCs might be long-lived with respect to the MW. Observational measurements of the disk lifetime in the LMC and, in general, low-metallicity environments are at the moment very poor and controversial. Using data from the Spitzer SAGE Survey in the MCs, it was found that the fraction of stars with disks in the SMC is higher than in the LMC (D. Lennon, private communication). Being the SMC more metal poor than the LMC, this would be consistent with a (2011) and Panagia et al. (2011, in preparation) , respectively. The arrows indicate the age uncertainty for the ρ-Oph members and the ONC-old population (see Table 5 ). The typical errors onṀ and age are displayed in the top-left and bottom-left for the MC and MW regions, respectively. scenario where the disk lasts longer in a metal poorer environment. On the other hand, in the extreme outer Galaxy (EOG), where the metallicity is one-tenth of the solar neighborhood, Yasui et al. (2009) found a fraction of stars with circumstellar disks significantly lower than in the solar neighborhood, suggesting that most stars in low-metallicity environments experience disk dissipation at earlier stages (<1 Myr). The mismatch between these two results is rather awkward. Yasui et al. (2009) might have underestimate the disk fraction in the EOG because their measurements are based only on near-IR excess, which can be very small or inexistent in flattened disks. Moreover, Yasui et al. (2009) warn that a mechanism specific to the EOG environment, i.e. effective far-ultraviolet photoevaporation, might contribute to the rapid disk dispersal (see, e.g., Haywood 2008) . The mechanisms of disk dispersal and their dependency on metallicity are further discussed in Sect. 8 to 8.4.2.
Disk mass
In order to keep an averageṀ of 5·10 −8 M ⊙ /yr for ∼10 Myr, the disks we are observing in the MCs should be very massive, i.e. about 0.5 M ⊙ . Moreover, it is normally assumed that accretion rates are much higher in the protostellar phase ( 1 Myr) than at 5-10 Myr. Thus, if it is really true that PMS stars in the LMC have averageṀ of 5·10 −8 M ⊙ /yr at 10 Myr, one would expect them to have even higherṀ at earlier ages and, hence, even higher disk mass.
Disk properties and initial conditions may be different in lowmetallicity environments and disk dispersal mechanisms other than accretion might contribute to dissipating the disk mass. Moeover, a recent study by Zhu et al. (2010) suggests that, if the initial cloud core is moderately rotating, the protostar ends up with a more massive disk and most of the central star's mass is built up during FU Ori-like outburst events of accretion. However, it is still hard to explain how such massive disks are produced, because oservations in the MW suggest that stars accrete most of their mass in the embedded phase, and only a few percentage once they reach the T Tauri phase.
The highṀ measured in the MCs would imply that the overall accretion process during the PMS phase will add to the central object a mass comparable to that of the central object itself and, hence, the protostars itself should have as much mass in the central object as in the disk/envelope. This appears unlikely, because the Initial Mass Function (IMF) in the MCs appears remarkably similar to the that of the MW (e.g., Garmany 1998; Bastian et al. 2010) .
However, there is an important point to be considered when doing such speculations. The mass accretion process of stars in the PMS phase is a highly variable phenomenon and this vari-ability is reflected in the diagnostics used to measureṀ (Hα excess emission, veiling, mid-IR Brγ and Paβ emission, etc. ; Herbst 1986; Hartigan et al. 1991; Nguyen et al. 2009; Fedele et al. 2010; Petrov et al. 2011; Faesi et al. 2011) . At any given time, only a certain fraction of PMS stars of the given PMS population shows signatures of mass accretion above the detection limit of the given survey. The study by Fedele et al. (2010) , based on Hα excess emission measurements, shows that the fraction of PMS stars withṀ above their detection limit in Galactic star forming regions decreases with age. At the typical age of our PMS star candidates (∼10 Myr), the fraction of PMS stars withṀ above their detection limit is expected to be of the order of 5% (see Figure 3 and 4 by Fedele et al. 2010) or, in other words, theirṀ is above the detection limit only for 1/20 of the time.
Since the mass accretion process depends on metallicity (see Sect. 8), this estimate might not be accurate for low-metallicity PMS stars. Indeed, De Marchi et al. (2011c) found that the fraction of PMS stars above theirṀ detection limit at ages younger than ∼10 Myr in the SMC cluster NGC 346 is of the order of 30%. In other words, these PMS stars are above theṀ detection limit only for 1/3 of the time. The metallicity of the LMC is in between the SMC and the MW; we estimate that our PMS star candidates in the LMC, with an averageṀ of 5·10 −8 M ⊙ /yr, a typical age of ∼10 Myr, accrete a total mass of ∼0.02 up to ∼0.2 M ⊙ depending on whether we assume that their are above ourṀ detection limit (dashed line in Figure 6 ) 1/20 or 1/3 of the time. This implies that the disk mass is between 10 and 20% of the stellar mass, because our PMS star candidates have mass in the range 1-2 M ⊙ , which is plausible (White & Hillenbrand 2004; Alcalá et al. 2008; Kim et al. 2009 ).
CAVEATS ON OUR AGE ANDṀ ESTIMATES
As mentioned in Section 3.3, the uncertainty on stellar masses and ages derived from PMS evolutionary models could have a significant impact on our results. In particular, a few caveats on isochronal ages should be taken into account.
Recently Baraffe et al. (2009) showed that, when vigorous episodes of mass accretion at early stages of the stellar life ( 1 Myr) are taken into account in the calculation of PMS evolutionary tracks, protostars may have much smaller radii than found in previous treatments. Such small radii would have the effect of making some young stars appear fainter and thus much older in the HR diagram, perhaps as much as 10 Myr, than they really are. This means that the concept of stellar birth-line has no valid support for very low-mass stars because it depends on the accretion history. As a consequence, ages below a few Myr are highly uncertain and absolute ages are hard to determine, though relative ages are still reliable. This problem has a strong impact onṀ evolution studies, because it implies that a strongly accreting object might show a position on the HR diagram consistent with a 10 Myr age, even though its true age is much younger.
However, the prediction by Baraffe et al. (2009) applies to the limit of low-temperature ("cold") accretion, and Hartmann et al. (2011) argue that very rapid disk accretion is unlikely to be cold, for several reasons: i) the FU Ori objects, e.g. the best-studied PMS disks with rapid accretion outbursts, have spectral energy distributions consistent with large, not small, radii; ii) theoretical models indicate that at highṀ, protostellar disks become internally hot and geometrically thick, making it much more likely that hot material is added to the star; iii) the luminosity of the accretion disk is likely to irradiate the central star strongly, heating up the outer layers and potentially expanding them. iv) observed HR diagram positions of most young stars are inconsistent with the rapid cold accretion models.
The Baraffe et al. (2009) prediction implies that we might have overestimated the age of our PMS star candidates. This problem affects age estimates both in the MCs and in our MW; however, under the hypothesis that the typicalṀ are higher in the MCs, it is expected to be more significant for PMS stars in the MCs. In other words, if we accept a typically higherṀ in the MCs, then we have to accept that our age estimates might be inconsistently derived, because isochronal ages are not robust for strongly accreting objects and we might have overestimated the age of PMS stars in the MCs. This problem can be properly addressed only when improved isochrones for low-metallicity PMS stars will be available. However, this issue does not affect considerably our conclusion based on Figure 8 , because the Baraffe et al. (2009) effect is expected to be more significant for very young objects ( 1 My) of spectral type M or later, ranging from a few Jupiter masses to a few tenths of a solar mass, while our sample consists essentially of G and K type stars with ages older than ∼5 My (see Table 4 ).
Hartmann (2003) discussed the uncertainties in the birth line of G-type stars (T e f f 5400 K), which results in a overestimate of their ages and dominate the apparent age spread. We do observe that G-type star in our sample are systematically older than K-type stars by a few Myr. This age difference is partly explained by the fact that our photometric limits (Table 1 ) allow us to detect only the brightest and, hence, youngest late K-type stars at the distance of the LMC, while they are sufficient to detect G-type stars of any age and spectral sub-class up to the main sequence (see also Figure 6 , upper panel). However, we can not exclude some residual effect due to the uncertainty in the birth line of G-type star. This would point toward an overestimation of the typical age of PMS populations in the MCs.
Finally, in Sect. 3.3 we pointed out that the regions we are studying are very large, about 100 pc in diameter, and we expect an age dispersions of a few to 10 Myr within each region (Table 4) . This age dispersion results from the presence of multiple stellar populations in the same region, which might be the result of sequential and/or triggered star formation (Elmegreen 2000) . A typical example in our MW is the Cep OB2 bubble, which is ∼50 pc in diameter and includes the 12 Myr old cluster NGC 7160, the 4 Myr old Tr 37, the 1 Myr old Tr 37 globule, the 2-3 Myr old Cep B, and several other star formation episodes with ages ranging 1-3 Myr (Patel et al. 1998; Sicilia-Aguilar et al. 2005) .
Similarly, the three LMC regions analyzed in this work present a significant age spread. Figure 5 shows the HR diagram for the PMS population of these regions and indicates that they have a typical age of ∼13 Myr, ∼9 Myr and 6-8 Myr for region #1, #2 and #3, respectively; however, a small fraction of the PMS population in each region is as young as 1 Myr. Since it is normally assumed that accretion rates are much higher at ages around 1 Myr than at 5-10 Myr (see, e.g., Figure 2 by Sicilia-Aguilar et al. 2010) , the medianṀ we measure could be driven by the younger populations present in each region. This problem affect also the age andṀ estimates for the MW regions, but it is expected to be less significant because these regions are much smaller.
On the other hand, our conclusion in Sect. 6 are driven by Figure 8 using the median age andṀ of each region in the MCs and the MW. This statistical approach is expected to smoothen the age uncertainty due to strong accretors and/or G-type stars and, indeed, the median isochronal ages estimated for the LMC regions are supported by several arguments and independent age estimates (Sect. 3.3). However, considering all the caveats listed above, it could be that we are slightly overestimating the age of the MCs regions. Under the most conservative hypothesis that the MC regions are a few Myr younger than our estimates, we still find a systematic and interesting differences between the MCs and the MWs, as the accretion rates in the MCs are about an order of magnitude higher than in Galactic regions of similar age. As we will see in Sect. 8, this difference can be justified on the basis of the different metallicity between the MCs and the MW.
MECHANISMS OF DISK DISPERSAL: WHY LOW-METALLICITY DISKS MAY HAVE HIGHER ACCRETION RATES?
Our pioneer study of the mass accretion process in the LMC suggests that disks around metal-poor stars accrete at very high rates with respect to galactic PMS stars with roughly solar metallicity. The many caveats of age/Ṁ measurements do not allow us to quantify such a difference with high accuracy. However, all our arguments support a difference of at least an order of magnitude inṀ. Models of disk evolution provide several explanations both for and against this observational evidence. In the next sections we review the interplay among the main mechanisms of this dispersal in lowmetallicity environments and in relation to our finding in the LMC.
Viscous accretion
Viscous accretion is the mechanism by which mass is accreted onto the central star because the transport of angular momentum outward allows disk material to flow radially inward (Hollenbach et al. 2000) . In general, a lower metallicity implies a lower disk opacity, lower disk temperature, lower viscosity, and thus longer viscous time (see, e.g., review by Durisen et al. 2007) . Therefore, it is expected that low-metallicity stars will undergo significant accretion up to older ages with respect to higher metallicity stars, in general agreement with our measurements in the LMC. However, a few warnings must be taken into account:
(i) According to , in disk around lowmass stars the accretion/viscosity is mainly driven by magnetorotational instability (MRI), which may be more efficient in low metallicity stars. Indeed, this is the argument used by Yasui et al. (2009) to explain the fact that in the EOG, where the metallicity is one-tenth of the solar neighborhood, the fraction of stars with circumstellar disk is significantly lower, implying a faster disk dispersal. This consideration would go against he long-lived lowmetallicity disks hypothesis. Nevertheless, there is no observational evidence that accretion/viscosity driven by MRI is so efficient. For example, evolved disks with large grains, which are expected to behave like low-metallicity disks, accrete less as they age, while, under the assumption that the MRI is more efficient at low-metallicity, we would expect the opposite (see Sect. 5 by Hartmann et al. 2006, and references therein) .
(ii) In order to keep an average accretion rate of 10 −7 M ⊙ /yr going on for 5-10 Myr, the disks we are observing in the LMC should be extremely massive, about 0.5-1 M ⊙ . An additional effect to take into account in massive disks is gravitational instability (GI). It has been suggested that lower opacity favor GI (Cossins et al. 2009 ) and that low metallicity disks may be more unstable against GI (Cai et al. 2006 ). There is an ongoing debate about whether GI makes very massive disks fragment (Boss 1997 (Boss , 2003 Cai et al. 2006 Cai et al. , 2009 , or simply favor accretion and mass transport . In both cases, the GI global effect would point against the long-lived low-metallicity disk hypothesis, even though it could explain the largeṀ we measure.
Grain growth
According to the analysis by Dullemond & Dominik (2005) , the growth of dust particles in the disk depends on the disk's dust to gas ratio. Low-metallicity disks have a lower dust content and, hence, the process is slower and the grains remain small. Grain growth is an important contributing factor to disk dissipation by planet formation and photo-evaporation, which we will analyze later on. In addition, if the disk is less optically thick, the convective turbulence is reduced, making the grain coagulation/fragmentation process less efficient. In other words, low-metallicity disks may reach a quiet steady state characterized by small grains that cannot coagulate and, hence, they last longer, because dissipation by planet formation and/or photo-evaporation is less efficient. This scenario is in agreement with our measurements in the LMC, but again there are a few warnings to take into account:
(i) Convection is not the only source of turbulence. As seen in Sect. 8.1, MRI driven turbulence will be present in the magnetically active parts of the disk. However, the highṀ we measure at older ages suggests large disk mass to sustain such long accretion lifetimes and, hence, a high gas column density. This kind of disks would present magnetically "dead zones" (Turner et al. 2007; Turner & Sano 2008) with lower turbulence. These dead zones might suffer from other types of instability (e.g. streaming instability, Johansen & Youdin 2007) and they may be good locations for planetesimal formation. However, as seen in Sect. 6 and 8.1, such large disk masses are difficult to explain.
(ii) The lower dust content of low-metallicity disk implies that the gas reservoir of the disk is less shielded against photoevaporation and it might depleted faster. Disk photo-evaporation effects and their dependency on metallicity are discussed in Sect. 8.4. Johansen et al. (2009) presented three dimensional numerical simulations of particle clumping and planetesimal formation in protoplanetary disks with varying amounts of solid material. These simulations showed that the formation of planetesimals is strongly dependent on the dust to gas ratio. Low-metallicity disks would not be able to produce planets at the beginning, but they may do it later on once other mechanisms, like internal photo-evaporation, have reduced the amount of gas. Thus, the correlation between host star metallicity and exoplanets may reflect the early stages of planet formation and low-metallicity disks can be particle enriched during the gas dispersal phase, leading to a late burst of planetesimal formation. The metallicities studied by Johansen et al. (2009) are solar or super-solar, not as low as in the LMC. However, if lowmetallicity disks would produce planets only in late phases, they might be able to keep an averageṀ higher than higher metallicity disk, because early proto-planet growth might reduce the accretion to the central star (Merín et al. 2010 , and references therein). In a very low-metallicity environment such as the LMC, this effect might be enhanced and would explain the largeṀ we measure.
Planet formation
For the sake of completeness, we defer the reader to the fol-lowing works pointing out other open issues and possible bias on the planet-metallicity correlation:
• Yasui et al. (2009) found that most stars in low-metallicity environments experience disk dissipation at earlier stage (<1 Myr) than in the solar neighborhood and argue that this could be one of the major reasons for the strong planet-metallicity correlation (see Sec. 1), because the shorter disk lifetime reduces the time available for planet formation. This result is in disagreement with our measurements for low-metallicity PMS stars in the LMC, whose accretion process appears to last longer than for galactic PMS stars. In Sect. 6, we have seen that the results by Yasui et al. (2009) might suffer incompleteness effects and the rapid disk dispersal in the EOG might be due to effective far-ultraviolet photo-evaporation rather than planet formation. Moreover, explored the metallicity dependence of a dispersal mechanism based on planet formation in the core accretion scenario (Ida & Lin 2004 ) and found opposite results, i.e. planet formation in lowmetallicity environments would extend disk lifetime, because the lower metal content implies a smaller amount of dust and, hence, a slower planet formation process. These authors explain the observations in the EOG in the context of a disc dispersal mechanism based on X-ray photo-evaporation from the central star, which operates faster in low metallicity environments (see discussion in Sect. 8.4).
• According to Bouchy et al. (2009) , planets formed in lowermetallicity disks would accrete less gas and would not suffer so much migration; thus, they may end up as low-mass planets very hard to detect.
On the disk dispersal through photo-evaporation
Photo-evaporation of the surface layer of the gas in the disk can be triggered by strong radiation fields generated by nearby OB stars (external photo-evaporation) and/or the radiation field of the central PMS star itself (internal photo-evaporation Hollenbach et al. 2000) . These two mechanisms operate very differently and have very different responses to changes in metallicity. Thus, we analyze them separately.
Internal photo-evaporation
Internal photo-evaporation is the mechanism by which radiation from the central source heats the gas in the disk, enabling it to climb up the gravitational potential well and escape. Theoretical studies of the erosion of circumstellar disks around solartype stars via internal photo-evaporation suggest typical mass loss rates of ∼ 10 −10 M ⊙ /yr (Alexander et al. 2006a,b) for photoevaporation caused by extreme ultra-violet (EUV) radiation and ∼ 10 −8 M ⊙ /yr for photo-evaporation caused by X-rays . Thus, X-rays appear to be much more efficient at driving internal photo-evaporation (see discussion in Ercolano et al. 2009; . explored the metallicity (Z) dependence of X-ray mass loss rates and found that X-ray wind rates are higher in lower-Z environments and, consequently, disk lifetimes are shorter. This occurs because heavy elements represent the main source of opacity for X-rays; the low metallicity implies a reduction of the X-ray opacity and, hence, a larger column can be heated by X-rays (see Figure 2 of Ercolano & Clarke 2010) driving a denser wind from deeper down in the disk 3 . We find that metal-poor stars in the LMC accrete at very high rates with respect to galactic PMS stars of the same age, which can be explained in the context of the models presented by . These authors provides preliminary evidence for shorter disk lifetimes at lower metallicities when X-ray driven photo-evaporation is considered as the main disk dispersal mechanism. To a first approximation a disc will be destroyed by photo-evaporation whenṀ=Ṁ W (Z), whereṀ is the accretion rate through the disk andṀ W (Z) is the X-ray wind rate. show thatṀ W ∝ Z −0.77 . This dependency is steep enough to compensate for the about one order of magnitude difference inṀ between the LMC and the MW, because the LMC has about half solar metallicity. Moreover, mass accretion rates al lower metallicity are expected to be higher because the disk viscosity parameter (α acc ) is higher at lower Z. In the MRI scenario this occurs because, thanks to the lower X-ray opacity, a larger mass fraction of the disk is ionized and therefore MRI active.
Thus, a disk dispersal scenario based on internal X-ray photoevaporation is consistent with the idea of higherṀ at lower metallicity.
External photo-evaporation
External photo-evaporation, caused by nearby massive stars, works primarily via FUV heating of the gas in the outer disk and relies on photoelectric heating from dust grains. The most striking example of external photo-evaporation is seen in the proplyds in Orion (Bally et al. 1998 (Bally et al. , 2000 . Linsky et al. (2007) also argued that the ultra-violet (UV) emission and winds of nearby hot stars play an important role in the development of evaporating gaseous globules (Hester et al. 1996) into protostars. External photo-evaporation is difficult to quantify due to a number of uncertainties, including projection effects, and there still is no clear indication of its global effect on PMS populations.
To study the effect of external photo-evaporation on the PMS populations in our fields, we analyze the spatial distribution of the PMS stars and their level of Hα luminosity with respect to the distance from the hot OB stars in the field, following the same approach as in Paper I. To identify OB stars in our fields, we used the catalog of UBVI stellar photometry of bright stars across the central 64 deg 2 area of the LMC and the relative extinction map by Zaritsky et al. (2004) . We compare the dereddened photometry of these bright stars with the tabulation of absolute magnitudes of OB stars by Wegner (2000) , assuming a distance modulus of 51.4±1.2 kpc (Panagia 1991; Panagia et al. 1991) . Only hot stars with spectral type earlier than B1 were considered, because cooler stars do not contribute significantly to the ionization (see Table 1 in Paper I). The center of mass of the hot stars in each field was computed using as weight their bolometric luminosity. Figure 9 shows the spatial distribution of the PMS stars in our LMC fields and the position of the ionizing stars. The center of mass of the ionizing flux is represented in each region by the large square. Symbols of different colors indicate PMS stars with different level of Hα luminosity, as indicated in the caption, and the lines display the contours of the Hα nebular emission retrieved from our WFPC3/f656n images. Young stars tend to concentrate in region of high dust/gas density and indeed, most of the PMS stars in our sample follow the lanes of the nebular emission. We note, in particular, that our field #3 presents two concentrations of PMS stars corresponding to two well defined over-densities in the nebular emission. Moreover, one of the two groups is also associated to a clear cluster of OB stars. We do not observe a significant age difference between these two groups (Table 4) , also because of the limitations in the age determination (Sect. 3.3). However, the peculiar spatial distribution suggests that two populations of PMS stars separated by about 0.035 deg (i.e. ∼30 pc at the distance of the LMC) might be present in this region, as indicated by the circles in Figure 9 . Thus, in our analysis we deal with these two groups separately and refer to them as field #3-Pop.1 and field #3-Pop.2. Figure 9 shows a variety of behaviors in the spatial distribution and typical Hα luminosity of the PMS stars with respect to the center of mass of the OB stars for the three LMC fields. To show this difference quantitatively, we plot in Figure 10 the frequency of PMS stars and their typical Hα luminosity as a function of the distance to the closest ionizing OB stars for 5 distance bins. The dashed lines display the linear fit to the points, which gives and indication of the global trend of the data. The same plots have been presented in Paper I for the field around the supernova SN1987A (see their Figure 13 and 14) . The result of this analysis for the LMC fields can be summarized as follows.
For the field around supernova SN1987A, we found in Paper I that PMS stars in the vicinity of OB stars are both less numerous and fainter in Hα emission than farther away. This suggests that their circumstellar disks have been considerably eroded, and made less efficient, by enhanced photo-evaporation caused by the ionizing radiation of the massive stars integrated over their ∼2 Myrs lifetime. As shown in Figure 10 , we find a similar behavior in our field #3-Pop.1, where the number of PMS star candidates in the vicinity of OB stars is lower than farther away. However, the Hα luminosity of this PMS population does not show any specific trend with respect to the position of OB stars.
The inspection of Figure 10 for the PMS population of our field #1 and field #3-Pop.2 shows a different trend. In these two fields there are more PMS stars near the ionizing OB stars, while their typical Hα luminosity is roughly constant. These correlations are consistent with a scenario where photo-evaporation due to ionizing radiation of nearby OB stars does not play a significant role for disk dissipation.
Moreover, the fact that the distribution of low-mass stars follows the distribution of massive stars suggests that i) either they belong to the same generation or ii) they formed during separate events of star formations sharing the same center of mass. Regions #1 and #3-Pop.2 are 11 and 6 Myr old, respectively (Table 4) ; although we could have slightly overestimated the age of these regions (Sect. 7), both of them are too old to assume that the lowmass PMS stars and the OB stars belong to the same generation. Thus, our data support hypothesis ii), i.e. two events of star formation separated by a few Myr might have occurred in these regions. Indication of multiple events of star formation within the same cluster have been already reported in the literature (Patel et al. 1998; Sicilia-Aguilar et al. 2005; Vinkó et al. 2009; Milone et al. 2009; Beccari et al. 2010; De Marchi et al. 2011a) .
The inspection of Figure 9 and 10 for field #2 does not reveal any clear trend.
Thus, the LMC stellar populations show a variety of behaviors with respect to disk photo-evaporation due to external radiation fields. Although this result might appear puzzling, there is a number of considerations which help illustrating the complexity of the problem and understanding the "no trend" detection in field #2. Indeed, even in our Galaxy, it is very common to see disk photoevaporation effects in individual case (see, e.g., the case of Trumpler 37; Mercer et al. 2009 ), while finding a "global" trend is much harder for several reasons.
The first reason in purely statistical. Even in a large, massive cluster there will be few objects close enough to the massive stars (∼1 pc) to significantly suffer photo-evaporation effects. In addition, we can only measure projected distances and this implies that lots of contaminants, that are not as close to the OB stars as we might think, are included in the analysis.
Secondly, low-mass PMS stars need to spend a few Myr within 1-2 pc distance from a OB star to significantly suffer disk photoevaporation effects, though the timescale of this process is still very uncertain. With a typical dispersion velocity of 1-2 km/s (see, e.g., Kraus & Hillenbrand 2008 , and reference therein), many low-mass stars move 1-2 pc per Myr or more if they are ejected and, hence, even if they were originally close to a massive star they may end up somewhere else.
Furthermore, the structure/orientation of the given young cluster can be such that it happens to have another young population in the close foreground/background. This second population is not physically connected with the cluster under study, but it is indistinguishable because we can only measure projected distances. In these cases, any correlation with the position of OB stars would be even harder to detect.
Finally, triggered star formation may mimic the effect of external photo-evaporation. If the winds of a massive stars triggers more star formation in the outskirts of the cluster, as seen in the galactic cluster Tr 37 (Sicilia-Aguilar et al. 2005) , the disk fraction is higher at larger distances from the massive star. This occur just because the stellar population there is younger and is not a disk photo-evaporation effect.
Because of these overall uncertainties, we consider it premature to discuss the metallicity dependency of disc dispersal through external photo-evaporation.
CONCLUSIONS
We presented a multi-wavelength study of three star forming regions in the LMC spanning the age range 1-14 Myr. We aim at investigating the mass accretion process in an environment with a metallicity significantly lower than our MW. We identify about 1000 PMS star candidates actively undergoing mass accretion in these regions on the basis of their Hα emission and estimate their mass, age and mass accretion rate. Our measurements represent the largestṀ dataset for low-metallicity stars presented so far. The conclusions of our study are as follows:
• In the mass range 1-2 M ⊙ , theṀ of PMS stars in the LMC increases with stellar mass asṀ ∝M b ⋆ with b ≈1, i.e. slightly slower than the second power low previously reported for galactic PMS stars in the same mass regime, and in agreement with the recent results by Barentsen et al. (2011) for the galactic HII region IC 1396 (b=1.2-1.3).
• We find that the typicalṀ of PMS stars in the LMC is higher than for galactic PMS stars of the same mass, independently of their age. Considering the caveats of isochronal age andṀ estimates, the typical difference inṀ between the MCs and our MW appear to be about an order of magnitude; • Currently available models of disk evolution/dispersal support the hypothesis that the higherṀ measured in the LMC might be a consequence of its lower metallicity with respect to our MW;
• The sample of PMS populations studied in the LMC shows a variety of behaviors with respect to disk photo-evaporation due to external radiation fields. In the region around supernova SN 1987A (Paper I) we found clear evidence that circumstellar disks have been eroded by photo-evaporation caused by nearby massive stars. In the three regions analyzed in this work, there is no clear evidence of such an effect. However, the analysis of the spatial distribution of the PMS populations in region #1 and #3-Pop. 2 with respect to the massive OB stars in the field revealed signs of sequential star formation.
In order to clarify these issues, improved evolutionary models for low-metallicity PMS stars and modeling/calculations of disk dispersal at low-metallicity are needed, as well as observations of slightly older (e.g. 30-50 Myr) low-metallicity regions than those presented in this paper.
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